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Neutrino Oscillations

-

32X CHORUS =4

neutrino masses and mixing
give hints towards BSM physics

e lepton flavor violation

Super-K+SNO| 4

+KamLAND - |4 . ® |ept0ﬂiC CP violation

e Majorana mass and GUT scales
e lepton number violation

low-energy observables however often
suppressed by light neutrino masses
unless there is other new physics

e.g. SUPERSYMMETRY

2
tan-0
http://hitoshi.berkeley.edu/neutrino
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Seesaw Mechanism

minimal supersymmetric scenario

e MSSM + 3 families of right-handed neutrino singlet fields v

e Majorana mass term: Zv§& Mu§

1
2
e Yukawa coupling to Higgs field (hypercharge +3): v&'Y, LH,

e EWSB — Dirac massterm: mp =Y, (H>)

diagonalization of neutrino mass matrix for (Hs) < Mpg:
. — 0 m} v
(7 VR)(”%D M)(”R)

light neutrinos: M, = mpM 'mp ~

N | =

heavy neutrinos: My ~ Mg
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Slepton Mass Matrix

R. Rackl

virtual effects of heavy (s)neutrinos

VR VR
//’ N
- -- --¢ > -
la.L b, lar M__7 by
i:l/Q h2

generate, via renormalization, flavor non-diagonal terms in

2 27 2 27
ms m- ~ om dm
= ( ) 5n > = m3rg9m + ( b o )

2 2
ms= ms2 om om
IR IR LR R

m

e.g. in MSUGRA [L = D(In(Mgur/Mn,))]:

1
om3 o~ —8?(3m8+A3)YjLYV

5m% ~ 0
3
1672

Smip o~ — Yivcos 3 Ay Y, LY,
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Charged Lepton Flavour Violation

P €Y, T = €Y, T = 1y

Nz
[ VY
Q.

|2 oz3ml5,

|om7 ..
2
- L tan” 3,

I'(l; — 1 . -
( %j"y)()( m4 m4

ete” — (pe/Te/Ti) +2X]

_ [om7 ;17
o(l17) o m?rjg olete
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e heutrino Yukawa couplings: parametrization and renormalization
e radiative decays: parameter dependence and constraints

e ILC: sensitivity of slepton pair production and decay

e LHC: search channels and experimental reach

e comparison: radiative decays vs. collider searches
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Yukawa Couplings: Parameterization

Casas, Ibarra, hep-ph/0103065 (NPB618)

om? < YILY,, Y,=-—==D(/M,)-R-D(/m;)-U'

vsin 3

e light and neutrino eigenmasses: m; (from experiment) and

e mass diagonalization and mixing: 6;; (from experiment) and

UTMVU — D(ml,mg,mg)
U = D', e, 1)V (012,013, 023,0)

e arbitrary complex matrix, R’ R = 1:

Co2C3 —C1583 — 5152C3 5153 — C152C3
R = C2S3 C1C3 — 5152853 —S81C3 — C15283
S9 S1C2 C1C2

c(s); = cos(sin)f;,
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Yukawa Couplings: Renormalization

e cvolution of neutrino mass matrix: myz — M;
input: light neutrino data

6
167°— M, = (—693 — gg% + TT(GYJYU>> M, + (Y,'Y) M, + M, (Y;'v))”

e inversion of M, = Y,) MY, (vsin 3)? and
evolution of Yukawa coupling matrix: My — My — Ms — Mgur
24y _ 2 _ 3 2 f f f f
167" Y, =Y,  —3g2 - g1+ Tr(3Y, Yy + Y, Y,) + Y'Y, +3Y,Y,
e evolution of slepton mass matrix: Mgur — mz
input: neutrino Yukawa couplings at Mgur

2
167 ‘fl‘imL = i)Y, +YVomd 42 (YimiY, + mi, Y, + AlA, )
n p
dom?
1 2 R —
67 Yy 0
].67T2 ;lclsAe = 2YeYVTA1/ + AeYVT YI/
n g
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input: neutrino data

Am?2, = 6.97035 . 1075 eV?
Am?2, =2.6112.1073 eV?
tan2 (912 = O43t83;
tan? (923 = 1101_(1)28

tan? f13 = 0.006 79 00¢

e central values from Maltoni et al., hep-ph/0309130 (PRD68)

e 90% C.L. errors as anticipated for running/proposed experiments

e hierarchical (m; < 0.03 eV) or degenerate (m; ~ 0.3 eV) spectrum
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choice of MSUGRA parameters

Scenario | my,2/GeV | mo/GeV | tanB | Ao/GeV | signu
B’ 250 60 10 0 +
C’ 400 85 10 0 +
G’ 375 115 20 0 +
X 350 175 35 0 +
SPS1a 250 100 10 -100 +

800

m [GeV]
700 L

600 L

e MSUGRA benchmark models ,; .
B’,..I' (Battaglia et al., hep-ph/0306219) 0 [—
SPS1a (http://spa.desy.de/spa) 100 o, 0 H*

Padadl
wso

300 L

e universal scalar masses keep LFV small

200 L P
v,

100 | R0
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scenario with weakest LFV

general parametrization of Yukawa matrix: Y, = ——D (v/M;) R D (\/m;) U"

v sin 3

for degenerate Majorana masses )/, = My and real R:

YILY, =

(m;) - VIL, L = In cut

MR

e for hierarchical light v spectrum:

(YVTYV)CL Sll’l2 16 ( V 12‘/0“2‘/272 + V 23‘/@3‘/1)3)

e for degenerate light v spectrum:

(YI/TYV)ab ~ v2]gr12 B (ml(sab ‘|’ LYo (Am12Va2‘/bQ + A7”23‘/a3‘/b3>)
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LFV Radiative Decays

Br(u — evy) and Br(rt — uvy)

degenerate Majorana masses, real R, MSUGRA scenario SPS1a

related LFV decays:

N Br 3 _
A (T =31 L 5.9078
: Br(r — )
Br(p — 3e) ~ 7.10°3
Br(p—ey)

Br(r — uy) < 6.8-10~% (90 % C.L., BABAR 2005)
Br(p—ey) <1.2-10711 (90 % C.L., PDG 2004)

R. Rackl SUSY LFV FERMILAB 07, 12




complex R matrix: dependence on phases

R(cos8;,sin6;) = R(cos x; coshy; — I sin x; sinh y;, sin x; cosh y; + I cos x; sinh y;)
e 0<ux; <2my, =y
e degenerate heavy Majorana neutrinos M; = Mz = 10'? GeV
e hierarchical or light neutrinos and their mixing

e SUSY point SPS1a

1076 ¢

1078 : 107"
’g} 10710 ¢ _".-: Tg 1010 L -
1 L P P n
5 —-12 s a et Site e Tttty PR TR . = hi“‘{-;\’}:}i"‘" }.""‘-'}"":;‘*"-. foose 5% :J.."S?'.':'F'(-‘- o
e NS L L S R L

10—147"- : Ceee

10— 16 [ 10_ 14 [

10°° 100 100 1002 0.1 1 1005 107* 100* 1072 0l 1
y y

complex R enhances LFV and generates lepton number violation in N decays
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complex R matrix: dependence on Mg

degenerate My, = Mg, hierarch./ m.,, SUSY point SPS1a

Real R: ém2 ~Y,LY, ~ Mg In Mﬁ;Tv . D(m;) - V*

1078 ¢
- ~ 1070
N N &
) 3 g
g ;[: 10—12 L M’T' .
= = L)
e A0
M 10 x
10716 :
~18 | | | | ~13 | |
10 1011 1012 1013 1014 10 1011 1012 1013 1014
MR/GCV MR/GeV
. 2
Complex R: ém7 ~Y,JLY,, Y, ~+/Mg R-D(/m;)-U'
10~*
10—6 L
N = 107%
]
3 107
S S
aia} M 1912 ¢
10—14 P
-16 . . ‘
MR/GCV
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correlation of 71 and pe channels

seesaw parameters scattered in preferred ranges, SUSY point SPS1a

| | | | THF
-7 F ol e <
10 , *}4:? x
o - Foae ek
5 107 S
3. ah t:‘:*’t’#*** *
: * i s B
It s ]
= X &:’I* ¥ prx
(af] 10™ 13 | W b

100 10 100 100 107° 1077
Br(u—ey)

deg. N, hier. v, R real

hier. N, hier. v, R complex

yields model-dependent bound Br (T — pvy) < 107
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ete~ LC Searches

olefe” — pre (77 ) +2xY)

degenerate Majorana masses, real R, SUSY point SPS1a
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direct production at /s = 500 GeV, neutralino and chargino cascades not included
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correlation in e channel

SUSY points C', , B, SPS1a, I
Vs = 800 GeV

T T TTTTTI T T TTTTTI T T T TTTTI T T TTTTTT T T TTTTTIT T T T TTTTI
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10" %
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Br(u—ey)

Br(p — ey) =~ 10712 implies o(eTe™ — pe +2x7) =~ 0.01 to 1 fb
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discovery limit at the ILC: e channel

el B,iss final states
MSUGRA point SPS1a, /s = 500 GeV, unpolarized, 500 fo~*

400
- 1 e 2 fb signal cross section
WrW~
300 - | | = ] (flat lepton energy spectrum)
e SM+MSSM background
200 - * | e standard selection criteria
(50% efficiency)
100 - e O(éL[LL) = 1 fb — 50 effect
e improvements possible
(E. spectrum, polarization)
%0 50 100 150 200 250

muon E, [GeV]

Deppisch, Martyn, Pas, Redelbach, RR, hep-ph/0408140

R. Rackl SUSY LFV FERMILAB 07, 18




discovery limit at the ILC: 71 channel

8@@ T T T T

T B, final states
MSUGRA point SPS1a, /s = 500 GeV, unpolarized, 500 fo~*

600

B
400 ﬁ;

200 r

T, =T
2 z><2 1
lxﬁz“'ﬁz“'zEﬂ

7

-
§ |

_-
\\<i___

e 4 fb signal cross section
. (flat lepton energy spectrum)

e SM+MSSM background
(soft E/,, spectrum)

e standard selection criteria
(7 identification via hadronic
decays, 25% efficiency)

o o(Tefir) =2 fb — 50 effect

0 50

100 150 200 290

Inuom]%

[GeV]

Deppisch, Martyn, Pas, Redelbach, RR, hep-ph/0408140
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correlation in 71 channel

SUSY points C’, B’, SPS1, G,
Vs = 800 GeV
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LHC Searches

T radiative decay: W — tv, 7 — uy
Serin, Stroynowski, ATLAS Internal Note (1997)
e signal: M (uy) =m,
e background: QED radiation in production and decay
e reach (30 fo=1): Br(t — uy) ~6-10~7

direct DY production of sleptons: ;1; — 1,1;,2x?

Bityukov,Krasniov, hep-ph/9712358
Agashe, Graesser, hep-ph/ 9904422

e signal: dileptons of different flavour and large missing pr
e background: tt, WTW =, xtx~

e generally very difficult
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LHC Searches

LFV neutralino and slepton decays: §,§ — X3 — lol; — Ll X}

Agashe, Graesser, hep-ph/ 9904422
Hinchliffe, Paige, hep-ph/0010086
Hisano et al., PRD D65(2002)116002
Carvalho et al., hep-ph/0206148

Bartl et al., hep-ph/0510074

e signal: dilepton mass distribution
e background: tt, SUSY channels
e reach (30 fb™1): Br(x9 — L;I;x}) ~2t0 4 %
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LFV search channels

() = —

)22—>ll — Lilix5: m?

edge

MSUGRA point SPS1a’, mixing in the R-slepton sector

1007, Ld (%9 — ¢;£,%9)/d m(e; ;) [Gev—1] 1000, Lar(xy — eexQ)/d m(ee) Gev—1]

tot

LFV: m(er, ut, ep) LFC: m(pup) = m(ee), LFV:m(up, ee)

Bartl et al., hep-ph/0510074: double edge structure due to m; < m;__
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LFV event rates

o — pte (7)Y for100to~! vs. BR(pu — ey)

MSUGRA point C' (mo = 85 GeV, my ,, = 400 GeV, Ag = 0 GeV, tan 8 = 10 GeV, signy = +)
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~
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Radiative Decays vs. ILC Searches

R. Rackl

ete™ at 800 GeV

MSUGRA (mq /2, mo) plane, Ag = 0, tan 8 = 5, signp = +

800 -

700 *

600 -

m1/2/GCV

300 -

200 |

100 |

o(ertern” > pte+21Y) / b, Vs=800 GeV

100 200 300 400 500 600 700 800
my / GeV

SUSY LFV
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Radiative Decays vs. ILC Searches

R. Rackl

e~ e~ at 800 GeV

MSUGRA (mq /2, mo) plane, Ag = 0, tan 8 = 5, signp = +

800 -

700 *

600 -

m1/2/GCV

300 -

200 |

100 |

o(erer” - p e +27Y) / b, Vs =800 GeV

100 200 300 400 500 600 700 800
my / GeV

SUSY LFV

FERMILAB 07,

26




Radiative Decays vs. LHC Searches

MSUGRA (ml/Q, mo) plane, Ag =0, tan 3 = 5, Signu — +

N(¥I-u"e ¥9) @ 100fb~1, deg. vg

/
1 0—13

1000

800

—_

200 —

100 200 300 400 500 600 700
my / GeV
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e supersymmetric seesaw mechanism suggests sizeable charged LFV
e details very model dependent

e generic feature: strong correlations of LFV in ue, 7e, 714 channels

e upper limit of Majorana mass scale in range 10'° to 10'* GeV

e radiative decays and collider searches complementary

e leptogenesis consistent with BAU: =£—£ = (6.3 +0.3) x 107"

~
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Leptogenesis

baryon asymmetry in the universe

N = an_ "B _ (6.3+0.3) x 1071 from CMB
Y

generation of lepton asymmetry in out-of-equilibrium decays of Ny

later on transformation to baryon asymmetry via sphaleron processes

NB = Kfdaspn €1

I'(Ny — hy +1) —T(Ny — hy +1)

e ¢, = CP asymmetry = ——

: 8
e a,,, = fraction of L-asymmetry converted to B-asymmetry = 53

1
78
o ¢ = efficiency factor (washout processes, Boltzmann equations)

e d = dilution factor due to v production Ty, — Tyec =
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Buchmdller, Di Bari, Plimacher, hep-ph/0406014

2 2
3 M, s milm(R3;) 3 My
& ’U% ZZ mi|R1i|2 87'(' ’U

hierarchical neutrino spectra: e; ~ — 13

independence of initial conditions:  \/Am?%, < m; = vzt Qo Xy ) Y )“ < +\/Am

no gravitino problem for BBN: A7y <10 Tx < 10'Y GeV for mg,, = 1 TeV

Abada et al., hep-ph/0605281: washout factors are flavor-dependent for M; < 10'* GeV
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constraints from leptogenesis

Y, = —

v sin 3

D (vVM;) R(xz; + Iy;) D (/m;) U

hierarchical heavy and light neutrino masses
0<z3<2m 107° <y <O()

MSUGRA scenario SPS1a

1012 aux

101 I+

/2

m 3r/2 2n
X2

ng = 6.3-1071Y, M; <10 GeV = sinay ~ 0

R. Rackl
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constraints from radiative decays

102 -

= X1

Br(u—ey) | Br(t—uy)
2
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[\
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00§$1§27‘(‘
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-8 R e YNt
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Neutrino Oscillation Data 2003/1

(H. Murayama, http.//hitoshi.berkeley.edu/)

global 3-neutrino analysis (3 o)

e Am?, =6.972% x 1075 eV?

e Am, =263 x 1073 eV?
° tan2 (912 = 0431_8%91
o tan?fy3 = 1.0815¢)

e tan? 63 = 0.0067000¢

tan20 M. Maltoni, T. Schwetz, M.A. Tortola,
http://hitoshi.berkeley.edu/neutrino J W F Va//e’ PRD68 (2003) 1 130 1 0
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Neutrino Oscillation Data 2003/2

experimental evidence

e solar neutrinos + KamLAND
e atmospheric neutrinos + CHOOZ + K2K
e LSND(?) + Karmen

summary of oscillation data

112
~>10
S
5 Karmen excluded
10
L LSND allowed
- W te Atmospheric
102
Vv, —Vy
0%+ Solar LMA‘
L Solar SMA| il
10°+- VeV,
— Solar Low -
108
— Solar Vacuum |
107 -
| | | | | |
10 102 10 1

K. Scholberg, hep-ex/030801 1
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Neutrino Oscillation Pattern

mass squared differences
Am3, ~ 6.9 x 107%eV?, Ami; ~ 2.6 x 10 %eV?
mixing matrix
tanf, ~ 0.43, tani, ~0.006, tan3; ~ 1.10
M. Maltoni, T. Schwetz, M.A. Tortola, J.W.F. Valle, PRD68 (2003) 113010

useful approximation

813%0,82320232% 81220122%
1 1
C12 512 0 75 0
Ve | sz a2 | L oo J10T
~ 2 V2 V2 ~ 2 2 V2
S12 _¢c2 _1 1 11
2 V2 V2 2 2 2
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SUSY point M

FERMILAB 07,

R. Rackl
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Slepton Sector (I)

mass matrix squared of charged sleptons:

1
(m? )ap = (m7)ab + dap (mi +m cos 23 (—5 + sin’ ew))
(mlgR)ab = (Mm%)ab + dap(m; — m7 cos2[sin” Oy)
(m? Vap = Agpvcosf— dapmy, it tan B

MSUGRA scenario (universality conditions at Mgy r):

m3 = mgl+ (0m7)yesu + 0m7
m% = mgl 4+ (dm%)ussu + OMF
A = AOYVZ + 5AMSSM +0A
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Slepton Sector (Il)

non-diagonal terms generated by RG-running from Mqyr to Mg

1
om3 o~ —8?(3m3+A3)YjLY,,
omp o~ 0

34,
JA ~ — Y;YILY,

1672 "

where L = In (M]@—ZT) and Y, is evaluated at Myt

= Lepton Flavor Violation
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Slepton Mass Matrix

: . 2 ngL ngz ~ 2 5m% 5mLR

lor lr

flavor non-diagonal terms generated by renormalization from Mqyr to Mgr b

VR VR 5 1 5
I/,—\\ omy ~g2 (3m3 + A2)Y, LY,
Zj = : = E - Q\ /‘} - ém7 ~ 0 (model specific)
a,L b,L  la,L “~__7 lbL 34
. hy Smip — }/ZYTLYV’U cos 3
with L = D (In(*¢%) ) ano

neutrino Yukawa coupling matrix (R = R* undetermined complex matrix)

Mg

v2 sin? 3

Maur
Mg

for degenerate M, and real R: Y, LY, = V-D(m;)-V'in
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LFV Decays and p.e Conversion

dominance of penguin contributions

— ey
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Degenerate Majorana Masses, R Real

MSUGRA benchmark models: Battaglia et al., hep-ph/0306219, http:/spa.desy.de/spa
neutrino data: Malioni et al., PRD68(2003)113010, anticipated 90% C.L. errors (scatter)

Br(p — ey, 7 — uv) olete™ — 7+ 2%Y), /s = 800 GeV
SUSY point SPS1a SUSY points C',B’,G’,I',SPS1a
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Non-degenerate Majorana Masses, R = 1

ratios of branching ratios

example:

e hierarchical light neutrinos, central best-fit values for neutrino parameters
e vanishing Dirac/Majorana phases
e SUSY scenario C

R. Rackl

Majorana masses

Ratios M, =Mpr | My : My :Ms=1:10:100
T — uy/p— ey 4 12
T — wy/T — ey 2500 160
n— ey/T — ey 640 13

SUSY LFV
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Complex R Matrix: Dependence on y;

degenerate Majorana masses M; = Mz = 10'? GeV, hierarch./ My
y; = y, remaining seesaw parameters in allowed/preferred ranges (scatter)
MSUGRA scenario SPS1a

-7 | ]
1.x10 1.X10_7 I

1.x1077 | 1.%107° |

T L.x107'
1.x107" ¢
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1.x107 8 |

-13 |
110 1.x1079 |

0.00001 0.0001 0.001 001 0.1 1 0.00001 0.0001 0.001 001 0.1 1
y y
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LFV Slepton Production and Decay

ete” — [l + missing energy

(mp )22 o ,

olefe” — ij [;)Br(lf — UF X0)Br(l; — 17 Xo)

O_pair x
17 ] "2 Flg

SM background:
W-production: ete™ — WHW~ — IFl, v, (plus non-resonant contributions)

MSSM background:
slepton/chargino production: ete™ — I11,” + 2x] + 2(4)v
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MSUGRA (m;,,, mg) plane, ete~ at 800 GeV

Ag =0, tan 3 = 5, sighu = +

o(er er” = ute +21Y) / b, Vs =800 GeV
800 - e | o | | |

v /1()_12

700 |

600 |

mi / GeV

300 |

200 |

100 | I
100 200 300 400 500 600 700 800
mO/GeV
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MSUGRA (m;», mg) plane, ete~ at 1500 GeV

R. Rackl

1400 |
1200 |

1000 |

Ag =0, tan 3 = 5, sighu = +

oe'e - ute +2%Y) / fb, v/s=1500 GeV

200 400 600 800 1000 1200 1400
mg / GeV

SUSY LFV
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MSUGRA (m /o, mg) plane, e e~ at 800 GeV

R. Rackl
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700 |

600 |
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300 |
200 |

100 -
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400 P

100 200 300 400 500 600 700 800
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LFV Slepton Pair Production in ee~ at 800 GeV

olefe” — pre (77 ) +2xY)

degenerate Majorana masses, real R, MSUGRA scenario SPS1a

4 ol ‘1'»-.|.|‘i'ﬂ':|'|'.. I ||‘»|’E|"m+

T IIIIII|
1 1 IIIIII|
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. R AL S
-4 II.I.I..III’A1A:AA’. | ||||||| | ||||||| 1 |||||||
12 13 14 15
10 10 10 10

M,/ GeV

—_
(@)

—

o

direct production at /s = 800 GeV, neutralino and chargino cascades not included
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Cross Correlation of 71, and pe Channels

olete” — 77 +2xY) vs. Br(iu — ey)

mMSUGRA scenario SPS1a, /s = 800 GeV
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LFV Slepton Pair Production in e"e~ at 800 GeV

ole e” — pe” +2x7)

MSUGRA scenario SPS1a, /s = 800 GeV
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General Sensitivity to SLFV at ILC

mo = 100 GeV, my /5 = 200 GeV, e sneutrino mass difference
Ay = 0GeV, tan 8 = 3, sgnu = +, Amagg = mpy, — My,
Vs = 500 GeV
Amgzs/GeV e sneutrino mixing angle a3
10 proer N R AR ;
10-7 B |A I:I C . .
| I _ e 3o significance contours of
1 1618‘ |l N
P — Alete” — 51??()@?2?) -
T utxTx; for 500 fb~1

0.1

— B: as above for 1000 fb—1!

: ' — C: separate vv“ contribution
0.0 Lot for 500 fo~1

0 01 02 03 04 05 06 07 08 09 1

in 20
sin 2093 — dotted lines:

Kalinowski et al.:
Br(t — puy) =10"7...107°

hep-ph/0103161, hep-ph/0207051
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Maximal Flavor Mixing in L- and R-Slepton Sector

1000

800

600

My / GeV

400

200

R. Rackl

e LFV branching ratio:

Br(x3 — pte xV) = 2sin”0r, g cos® O =

N(¥3-u*e 79 @ 100fb™2, 7 & mixing

e two-flavor model with parameters 6;, r and Am g

1000

800

600

My / GeV

400

200 4

100 200 300 400 500 600 700
mo / GeV

SUSY LFV

e maximal mixing: 0, rp = /4, I's < Amy r = 0.5 GeV

N3t ¥9) @ 100fb2, figer mixing

100 200 300 400 500 600 700
my / GeV
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Matter-Antimatter Asymmetry

baryon asymmetry in the universe

deduced from nucleosynthesis and CMB power spectrum

np = “2—"B = (6.3+0.3)-107 1

Ty

generation of matter-antimatter asymmetry

Sakharov conditions: realizations:
e baryon number violation e GUT baryogenesis
e C and CP violation e EW phase transition
e deviation from thermal equilibrium e leptogenesis
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Leptogenesis

generation of lepton asymmetry in out-of-equilibrium decays of IV,

// 19

S t

R. Rackl SUSY LFV FERMILAB 07, 54




Baryon Asymmetry via Leptogenesis

assumption: hierarchical heavy and light neutrino spectra

N =d Qspp, Kf €1

['(N; — hy +1) + T(N; — hy +1)

e ¢, = C'Pasymmetry =
o s = efficiency factor (washout processes, Boltzmann equations)

: 3
e ag,, = fraction of L-asymmetry converted to B-asymmetry = 3

e d = dilution factor due to v production T — Tiec = -3
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Favourable Scenario

hierarchical neutrino spectra  (Davidson, Ibarra, hep-ph/0202239)

2 2
e~ 3 M Zimilm(Rli) 3 My
L —= " 8x vy > my|Ryil? 81 v2 3

independence of initial conditions  (Buchmldiller, Di Bari, Plimacher, hep-ph/0406014)

~ Y, Y]
VAM2, < my = Ug% < \/Am3,

no gravitino overproduction: Ay <10 Tg < 10'Y GeV for mg/y =1 TeV
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Gravitino Boundaries

101 | Q3ph*=0.1
% 108 Gravitino
= not LSP
10° &
.Q.3/2h2$0.1
10* ¢

107* 107 1072 0.1 1 10 10> 10°
m3/2/GeV

no gravitino overproduction: ~ M; <10 T < 10" GeV for mg,, =1 TeV
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Constraints from Leptogenesis on (s, x3)

X3

2r

3r/2

/2

R. Rackl

YV - 'UsilnBD (m) R('xl + ]yz) D (\/WJ) UT

hierarchical neutrino masses: M; < My < M3, M; < 10

o ( < L1 < 27
M,=10"? GeV

. .. 10" GeVv

e 1073 <y; < O1)

e contours for y; = 0.1

= T9, T3 ~ NT

° igg)

/2 b4 3n/2 2r
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Constraints from Leptogenesis on (x5, x3, M)

Y, = 553D (VIT) Rixi + 1) D (/) U

hierarchical heavy and light neutrino masses
0<x <2m, 107°% <y; < O(1), (contours for y; = 0.1), M; < 10'*'110 GeV

MSUGRA scenario SPS1a

27 N b2 S 2n w % 5
3n/2 : : 31/2 3n/2
n n ¥ e 1
72 /2 72
0 i 0 o Aer See Si%y P o B 4 3 :
0 /2 T 37/2 2r 0 /2 ;r 37/2 2n

ng =6.3-1071 M; < 10" GeV = sinwzy3 ~ 0
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Constraints from Radiative Decays

10° -

— I
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e minimal standard model conserves lepton flavor; present bounds:

Br(p—ey) <1.2-1071, Br(r — puy (ey)) < 1.1 (2.7)-107°

e observed neutrino oscillations & SUSY seesaw mechanism imply
LFV in rare decays and collider processes

Br(p — ey) = 1012 (PSI) olep+2x7) = 10~2—1 fb (ILC800)
Br(t — uy) = 107% (LHC) o(Tp+2xY) = 0.1—10 fb (ILC800)
e consistent with observed baryon asymmetry in the universe

for Majorana masses M3 < 103 GeV

and M; > 10! GeV

in SPS1a: Br(py —evy) <107% and Br(r — py) <3107

e test of seesaw mechanism requires knowledge of SUSY scenario

in epi-channel: My within factor 10 — 100 (615, Am?2,, 4, .....)
in u7-channel: My within factor 2 (023, Ams3,)

R. Rackl

SUSY LFV
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Summary |l

e LFV in slepton-pair production (/s = 500 GeV, SPS1, Mz = 10 — 10!° GeV)
olete” — pute” +2¥)) =~ 1072 — 1 b

olete” — 7T~ +2xY) ~ 1072 - 3 b

e correlation with searches for radiative decays (1/s = 800 GeV, SPS1)
Br(t — puy) =107% (LHC) — o(ete™ — 77u~ +2x7) =~ 1.5 — 3 fb
Br(u — ey) <1071 (PSI) — o(eTe™ — 77~ +2xY) <1072 b

e strong dependence on SUSY and neutrino parameters
ep-channel strongly affected by uncertainties in neutrino data

e beam polarization important (background supression, probing individual
vertices)

F. Deppisch, H. Pas, A. Redelbach, R.R., Y. Shimizu
hep-ph/0206122 (Eur. Phys. J. C)

hep-ph/0310053 (Phys. Rev. D)

simulation by H.-U. Martyn
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